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We, The De Havilland Aircraft Com- 
pany Limited, a Company registered under 
the laws of Great Britain, of Hatfield, in the 
County of Hertford, England, do hereby 
declare the invention, for which we pray 
that a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the fol- 
lowing statement: — 

This invention relates to homing systems 
for guiding a moving body towards a target 
and is of particular, but not exclusive, ap- 
plication to missile guidance systems. The 
term "missile" is used herein in its generic 
sense and includes, in addition to missiles 
which are launched into space towards a 
target which may be stationary or moving, 
other forms of missiles such as, for example, 
torpedoes. The invention is also of appli- 
cation to, for example, aircraft which may 
be homed on to a runway. 

Guided missiles which are launched into 
space are commonly provided with a target 
sensing and locating device having a rela- 
tively narrow field of view, which device is 
displaceable about axes in the missile and is 
required to follow the target, usually under 
gyroscopic control, and keep it within its 
field of view. The small angle of the field of 
view of such a device is a disadvantage 
which is inherent in such a system, and a 
further disadvantage is the friction torques 
which occur in the bearings in which the 
device must be mounted for displacement. 
Such friction torques occur even when 
highly expensive bearings are employed and 
result, not only in a loss of sensitivity, but 
also in a tendency for the device and the 
missile guidance system to hunt when track- 
ing the target. Further, in those cases where 
the missile is under the remote control of 
an operator presented with the data neces- 
[Price4s. &fj 



sary to control the missile, the operator may 
inadvertently transmit an erroneous com- 
mand signal to the missile and, realising his 45 
mistake from the data presented to him, 
transmit further command signals to correct 
the error; such an operator usually over- 
corrects or under-corrects for the error, at 
least initially, with the result that the missile 50 
path is far from optimum. 

It is an object of the present invention to 
provide an improved homing system for 
guiding a moving body towards a target, 
which systems shall not be subject to the 55 
disadvantages referred to, at least to the 
same extent as known systems. 

According to the present invention, a hom- 
ing system for guiding a moving body to- 
wards a target comprises fixed means for 60 
deriving a target signal as a function of 
target position relative to an axis of the 
body, means for deriving a fixed reference 
axis as a predetermined function of the tar- 
get signal and independent of the axis of the 65 
body, and means for deriving a body con- 
trol signal as a function of the rate of dis- 
placement of the target body with respect 
to such fixed axis. 

Some embodiments of the invention will 70 
now be described by way of example, ref- 
erence being made to the accompanying 
drawings in which : — 

Figure 1 is an explanatory diagram; 

Figure 2 is a diagrammatic representation 75 
of a, system according to the invention; 

Figure 3 is a further explanatory diagram, 
and 

Figure 4 is a diagrammatic representation 
of another system according to the invention. 80 

In Figure 1 there is shown a missile 1 
carrying a target-detecting device in the form 
of a television camera 2 which is fixed rela- 
tively to the missile. The camera 2 points 
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forwardly of the missile 1 and has a rela- 
tively large viewing angle (theoretically 
large enough to accommodate aiming errors) 
about an axis AB which is fixed relative to 
5 an axis of the missile and which specifically, 
in this example, is coincident with the longi- 
tudinal axis of the missile. A target T is 
shown lying on a fixed space axis O X . 
The target-detecting device need not 

10 necessarily be the television camera 2 but 
may be any suitable device fixed relatively 
to the missile and having a wide viewing 
angle and it may, for example, be a radar 
system with a suitable aerial or an optical 

15 telescope or any equivalent means. It will, 
however, simply be referred to herein as a 

™n the missile axis AB is pointed in 
a direction parallel to the space axisOX, 
20 the sight line PT from the camera 2 to the 
target makes an angle <// with the axis AB 
and an angle </> with the space axis O X* 
and, as these angles are equal, the rates ol 
change with time of these angles are also 

25 equal, ue. '<f> = The parameter * is 
usually referred to as the "sight-line spin 
and is important in guidance systems operat- 
ing on the principle of proportional naviga- 
tion in which the missile is required to 

30 have a rate of turn r proportional to die 

sight line spin, so that r = K<£, where K 
is a constant. . - 

Although ib can be ascertained from the 
system itwill be apparent that the equality 

35 of * and <f> will be destroyed by any missile 
manoeuvre, whether this is due to flight- 
path turn in space or to variations, about a 
pitching axis of the missile, of the angle of 
incidence discussed below with reference to 

40 Figure 3. 

In order to detect the sight-line spin sj> 
it is necessary to provide a reference datum 
which is not fixed relative to the missile axis, 

so that d> can be measured. This is achieved 

45 in the system illustrated in Figure 2 by pro- 
viding a free gyroscope 3 m the missile 
wS is arranged, when the target has been 
"acquired" as described below to define a 
sight line P X T from the gyroscope to the tar- 

50 get, the camera axis AB being fixed. P 
les on the axis AB. The missile, incor- 
norates a wireless transmitter-receiver 4 
KSd to transmit wireless signals which 
represent the angular position of the target 

55 T relative to the axis AB and which signal, 
also represent the angular inclination of the 
gyroscope axis relative to the axis AB.^ The 
tensmitter-receiver 4 also receives weless 
command signals controUmg the precession 

60 of the gyroscope 3 and the heading of the 
missile. 



At some location remote from the missile 
1 e.g. in an aircraft or on the ground, there 
is provided a screen 5, for example a 
cathode-ray tube, upon which, in response &> 
to the wireless signals transmitted by the 
transmitter-receiver 4, appear two traces, re- 
spectively illustrated in the form of a cross 
X and a circle O. The cross X and the 
circle O constitute markers and respectively 7t> 
represent, by their position on the screen 5, 
the angular position of the target T relative 
to the axis AB, and the angular inclination 
of the gyroscope axis relative to the axis 
AB. There is also provided a wireless trans • 75 
mitter 6 for sending command signals to the 
transmitter-receiver 4 of the missile, under 
the control of a manually operable joy-stick 
7 

* In the operation of the system described 80 
with reference to Figure 2, assuming that 
the missile is fired and that the target T 
is within the field of view of the camera 2, 
signals representing the angular position of 
the target T relative to the axis AB will be »5 
transmitted by the transmitter-receiver 4 and 
will be utilised to represent the angular posi- 
tion of the target, as by the position of the 
cross X on the screen 5. Assuming that, 
at this stage, the axis of the gyroscope 3 is W 
not yet aligned with the sight line PT but 
is aligned with the axis AB, a signal will 
be transmitted by the transmitter-receiver 4 
representing the angular inclination of the 
gyroscope axis relative to the axis AB and ^ 
will initially be utilised to represent this 
position on the screen 5 in the form of the 
central circle O shown in broken lines. 

The operator now has to acquire the tar- 
get, and does this by displacing the joy- -^u 
stick 7 to send command signals via the 
transmitter 6 to the transmitter-receiver 4 
to cause the gyroscope 3 to precess until 
the gyroscope axis lies along the sight line 
P X T and intersects the target. The preces- 1<J0 
sion of the gyroscope 3 is sensed by means 
not shown, and corresponding signals are 
transmitted by the transmitter-receiver 4 to 
correspondingly displace the circle O on 
the screen 5. When the circle O surrounds t AU 
the target marker X on the screen 5 the 
operator knows that the target lies on the 
gyroscope axis, the gyroscope axis now 
lying along the sightj line P 1 !*, and the 
acquisition phase is completed. Conven- m 
tional techniques employed for mixing the 
outputs of two television cameras to form a 
single transmitted signal may be employed 
at the receiving end of the system to achieve -■ 
the marker superposition or, . alternatively, w 
can be used in the missile, in which case a 
separate wireless link can be eliminated. 

Having thus acquired' the target, the opera- 
tor is now required to track the target T. 
by operation of the- joy-stick 7 so as to f« 
maintain the marker represented by the 
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circle O around, and thus in coincidence 
with, the target image X. This may in- 
volve further precession of the gyroscope 3, 
and the rate of such precession of the gyro- 
5 scope is detected by conventional means 
such as, for example, by measuring the cur- 
rent in the torque motors used to precess 
the gyroscope. The signal so obtained repre- 
sents the rate of precession of the gyroscope 
10 3, and hence is proportional to the required 

sight-line spin <f> 3 and is supplied to the mis- 
sile control system (which may be of a con- 
ventional kind), to cause the missile to navi- 
gate to the target. 

15 It will be noted that if, during the man- 
oeuvres, the missile body pitches, the target 
position will move, in the field of view of the 
camera 2, and hence will move correspond 
ingly on the display screen 5. Further, as 

20 the gyroscope stabilises its own position in 
space, its position marker O will move in 
an identical manner so that, providing the 
target has been originally acquired correctly, 
the gyroscope marker O will tend to remain 

25 on the target image X regradless of man- 
oeuvres. This is of considerable assistance 
to the operator in tracking the target. Fur- 
thermore, any incorrect command signals 
erroneously transmitted by the operator will 

30 result both in precession of the gyroscope 
3 and in corresponding change in the atti- 
tude of the missile and hence of the axis 
AB, so that the gyroscope marker O and 
the target image X will tend to move in 

35 unison on the screen 5 and thus tend to 
remain in coincidence, so that no abrupt 
corrective action may be required by the 
operator. 

It will be observed that the system des- 

40 cribed with reference to Figure 2 effectively 
derives a target signal as a function of the 
target position relative ta the- axis AB, as 
the target image X takes up a corresponding 
position on the screen 5. By bringing the 

45 gyroscope marker O into coincidence with 
the target image X, a reference axis is 
effectively produced as a function of the 
target signal and independent of the axis of 
the body, and by maintaining the gyroscope 

50 marker O in coincidence with the target 
image X, a control signal is generated as a 
function of the rate of displacement of the 
target body with respect to such fixed axis, 
the control signal being utilised to control 

55 the attitude of the missile. 

It will be apparent that the use of a fixed 
camera 2 eliminates the requirement for 
bearings for such a camera and considerably 
simplifies the construction of the missile 

60 guidance system. 

In the system illustrated in Figure 4, the 
gyroscope 3 is omitted and is effectively 
replaced at the receiving end of the system 
by a graticule 8 on the screen 5, the grati- 



cule 8 being conveniently, but not neces- 65 
sarily, generated electronically and being 
displaceable with respect to both horizontal 
and vertical axes as seen in Figure 4, at a 
velocity controlled by the joy-stick 7. 
Operation of the joy-stick 7 is arranged to 70 
control both an elevation-manoeuvre com- 
mand unit 9 and an azimuth-manoeuvre 
command unit 10, these units being arranged 
to generate corresponding command signals 
which are supplied both to a missile-rate 75 
command transmitter 11 and also through 
units 12 and 13 to command the velocity of 
displacement of the graticule 8 across the 
screen 5 with respect to the two axes referred 
to. In Figure 4, the wireless transmitter- 80 
receiver 4 of the previous example is re- 
placed by a wireless transmitter 4a which 
transmits a signal representing the position 
of the target T relative to the axis AB (that 
is the axis of the missile as in Figure 2), 85 
and by a wireless command receiver 4b 
which receives the missile-rate command 
signals from the transmitter 11 and feeds 
these signals to the missile control system 
denoted by the block 14. 90 

In the operation of the system illustrated 
in Figure 4, no acquisition phase is required, 
as the target position is denoted by the tar- 
get image X on the screen 5 and the opera- 
tor identifies this with that square of the 95 
graticule 8 in which the target image X 
appears. The operator displaces the joy- 
stick 7 so as to maintain the selected square 
of the graticule 8 around the target image 
X and, in so doing, generates corresponding 100 
signals which are transmitted to the missile 
to demand a manoeuvre therefrom. When 
the target is being tracked correctly, the 
target image X will appear to remain station- 
^^ith^e^m^t^e~paTieale-8-so -that a 105 
datum independent of the missile and there- 
fore of the axis AB has been introduced, by 
requiring the operator to match the target 
and the graticule velocities independently of 
the target position in the display. 110 

Referring to Figure 3, it will be seen that 
if the missile speed and hence the angle of 
incidence, that is the angle the missile axis 
makes with the tangent to the missile tra- 
jectory, is constant, then the angular velocity 115 
of the target T with respect to the missile 

axis AB will be r — <£. If the operator is 
tracking correctly and the velocity impressed 
on the graticule 8 by the system is 
(K - l)r (K -l)r 

then — r — <£, 120 



K 



K 



/.e. r = K<£, which is the correct propor- 
tional navigation law, K being the constant 
referred to above. Correspondingly, either 
the sight-line spin or the flight-path turn can 
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be deduced from a knowledge of K or 

K - 1 . t + 

, and of the graticule rate. 

K 

Changes of the angle of incidence which 
occur during the manoeuvres are due to 
5 commands fed into the system by the opera- 
tor and so are, in principle, known at the 
receiving end of the system; compensating 
signals to cause the graticule 8 to follow 
such incidence variations are applied to the 

in display. In consequence, the target marker 
X and graticule 8 will move together dur- 
ing incidence variations, in the same manner 
as the target marker X and the gyroscope 
marker O move together in the system des- 

15 cribed with reference to Figure 2. 

The exact compensating filter transfer 
function necessary to the system and defining 
K may vary from application to application 
because that function is intimately related 

20 to the transfer function between demanded 
and achieved rate for each particular mis- 
sile, but the choice of a suitable filter does 
not present any problems. Such filters are 
embodied in units 12 and 13. 

25 It will be appreciated that the system des- 
cribed with reference to Figure 4 operates 
substantially in the same manner as that 
described with reference to Figure 2, ex- 
cept that the function of the gyroscope 3 

30 in the latter system is replaced by equipment 
at the receiving end of the system performing 
similar functions. The system of Figure 4 
thus has the advantage that the cost of the 
missile can be materially reduced. 

35 In a modification of the invention des- 
cribed with reference to Figures ^ and 4, 
apparatus according to the invention is em- 
ployed to guide a moving body towards a 
target, for example to home an aircraft on to 

40 a runway. In such a case, all of the appara- 
tus may be carried by the moving body; 
thus, in the case of Figure 2, the body \ 
carries the screen 5, and the joy-stick 7 
(which is operated by the pilot carried by 

45 the moving body 1); evidently, in such a 
case the wireless links may be omitted. 

la a further modification of the invention, 
it is visualised that manual operation of the 
joy-stick 7 may be dispensed with, and any 

50 suitable automatic arrangement employed to 
cause a movable element to follow, simi- 
larly to the gyroscope marker O or the 
graticule 8, the movement of the target 
image X. 

55 WHAT WE CLAIM IS: — 

1. A homing system for guiding a mov- 
ing body towards a target comprising fixed 
means for deriving a target signal as a func- 
tion of target position relative to an axis of 

60 the body, means for deriving a fixed refer- 
ence axis as a function of the target signal 
and independent of the axis of the body, and 



means for deriving a body control signal 
as a function of the rate of displacement of 
the target body with respect to such fixed 
axis. 

2. A homing system for guiding a mov- 
ing body towards a target, the homing sys- 
tem including a target-detecting device car- 
ried by the moving body and fixed relatively /u 
to a fixed axis of the moving body and 
arranged to generate a first signal repre- 
senting the angular inclination of the target 
relatively to the said fixed axis, display 
apparatus having a display face and arranged o 
to receive the first signal and to display a 
first mark the position of which upon the 
display face represents the angular inclina- 
tion of the target relatively to the said axis, 
reference means for providing a reference «u 
mark movable over the display face, control 
means capable of being changed in position 
to control the movement of the reference 
mark over the display face so as to maintain 
a predetermined relationship between the »d 
positions of the marks, and generating means 
responsive to the rate of change with time 
of the position of the control means to 
generate a control signal for the moving 
body which control signal is proportional w 
to the rate of turn of the sight line about an 
axis in space independent of the said fixed 
axis in the moving body. t 

3 A system according to claim z, 
wherein the target-detecting device includes ^ 
a television camera. . 

4 A system according to claim 2, 
wherein the target-detecting device includes 

a radar system. inn 

5 A system according to claim 2, tuu 
wherein the target-detecting device includes 

an optical telescope. 

6 A system according to any one ot 
claims 2 to 5 wherein the control means in- 
eludes a gyroscope carried by the moving iud 
body and arranged to generate a second sig- 
nal representing the angular inclination ot 
the axis of the gyroscope relatively to the 
said axis of the moving body, the reference 
means being arranged to control the move- nu 
ment of the reference mark over the display 
face in response to the said second signal, 
whereby the position of the reference mark 

on the display face represents the angular 
inclination of the axis of the gyroscope rela- 115 
tively to the said axis of the moving body. 

7 A system according to claim 6, 
wherein the control means includes means 
for altering the angular inclination of the 
axis of the gyroscope relatively to a fixed 12U 
line in space in response to the position ot 
the said first mark upon the display face. 

8 A system according to claim 7, 
wherein the said means for altering the 
angular incKnation of the axis of the gyro- 
scope includes a manually operable control 
lever. 
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9. A system according to any one of 
claims 6 to 8, in which the generating means 
is responsive to the rate of change with 
time of the angular inclination of the axis 

5 of the gyroscope relatively to a fixed line 
in space. 

10. A system according to any one of 
claims 2 to 9, wherein the display apparatus 
includes a cathode-ray tube, and the first 

10 mark is constituted by a trace upon the face 
of that tube. 

11. A system according to claim 10, 
wherein the said trace is in the form of an X. 

12. A system according to claim 10 or 
15 claim 11, wherein the reference mark is 

constituted by a second trace upon the face 
of the cathode-ray tube. 

13. A system according to claim 12, 
wherein the said second trace is in the form 

20 of an O. 

14. A system according to any one of 
claims 2 to 13, wherein the display appara 
tus, the control means and the generating 
means are all carried by the moving body. 

25 15. A system according to any one of 
claims 2 to 13, in which the display appara- 
tus, and at least a part of the control means, 
are located remotely from the moving bodv 
and are connceted to the moving body bv 

30 means of suitable wireless links. 

16. A homing system for guiding a mov- 
ing body towards a target, the homing sys- 
tem including a target-detecting device car- 
ried by the moving body and fixed relatively 

35 to an axis of the moving body and arranged 
to generate a first signal representing the 
angular inclination of the target relatively to 
the said first axis, display apparatus having 
a display face and arranged to receive the 

40 first signal and to display a first mark, the 
position of which upon the display face 
represents ^:he angular inclination of the 
target relatively to the said fixed axis, a 
gyroscope carried by the moving body and 

45 having a gyroscope axis the angular position 
of which, relatively to a fixed direction in 
space, can be varied, the gyroscope being 
arranged to generate a second signal repre~- 
senting the angular inclination of the gyro- 

50 scope axis relatively to the said fixed axis, 
and the gyroscope being arranged to generate 
a control signal which is a function of the 
rate^ of change with time of the angular 
inclination of the gyroscope axis relatively 

55 to the said fixed direction in space, the dis- 
play apparatus being also arranged to receive 
the second signal and to display a second 
mark the position of which upon the dis- 
play face represents the angular inclination 

60 of the gyroscope axis relatively to the said 
fixed axis, the homing system also includine 
a manually operable control lever movable 
in response to the position of the said first 
mark upon the display face to change the 

■65 angular position of the gyroscope axis rela- 



tively to the said fixed direction in space 
and to thereby cause the said second mark 
to move over the display face to maintain 
a predetermined relationship of the positions, 
upon the display face, of the said first and 70 
second marks. 

17. A system according to claim 16, 
wherein the display apparatus, the gyro- 
scope, and the control lever, are carried by 
the moving body. 75 

18. A system according to claim 16, 
wherein the gyroscope is carried by the mov- 
ing body, and the display apparatus and the 
control lever are at a location remote from 
the moving body, the homing system includ- 80 
ing two wireless links between the moving 
body and the said remote location, one of 
the wireless links being arranged to trans- 
mit the said first and second signals from 

the moving body to the display apparatus, 85 
and the other of the wireless links being 
arranged to transmit signals from the con- 
trol lever to the gyroscope to change the 
angular position of the gyroscope axis rela* 
tively to the said fixed direction in space. 90 

19. A system according to any one of 
claims 2 to 5 wherein the said reference 
mark comprises a graticule movable over 
the display face. 

20. A system according to claim 19, 95 
wherein the control means includes a manu- 
ally operable control lever, and control 
apparatus responsive to the position of the 
control lever and arranged in response to 
changes of the position of the control lever 100 
to change the position of the graticule rela- 
tively to the display face, thereby permitting 

a predetermined relationship of the positions 
of the said mark and of the graticule to be 
maintained by movement of the control 105 
lever. 

21. A system according to claim 20, 
wherein the control means includes a rate 
unit arranged to generate the said control 
signal as a function of the rate of change 110 
with time of the position of the control 
lever. 

22. A system according to any one of 
claims 19 to 21, wherein the display appara- 
tus includes a cathode-ray tube, and the 115 
first mark is constituted by a trace upon 
the face of that tube. 

23. A system according to claim 22, 
wherein the said trace is in the form of an 

X. 120 

24. A system according to claim 22 or 
claim 23, wherein the graticule is generated 
electronically upon the face of the cathode- 
ray tube. 

25. A system according to any one of 125 
claims 19 to 24, wherein the display appara- 
tus, the control means and the generating 
means are all carried by the moving body. 

26. A system according to any one of 
claims 19 to 24, wherein the display appara- 130 
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tus and at least a part of the control means, 
are located remotely from the moving body 
and are connected to the moving body by 
means of suitable wireless links. 

27 A homing system for guiding a mov- 
ing body towards a target, the homing sys- 
tem including a target-detecting device car- 
ried by the moving body and fixed rela- 
tively to the moving body and arranged to 
generate a first signal representing the an^i- 
far inclination of the target relatively to the 
said fixed axis, display apparatus having a 
display face and arranged to receive tne 
first signal and in response to display upon 
the display face a mark the position or. 
which upon the display face represents the 
angular inclination of the target relatively 
to the said fixed axis, a graticule movable 
over the display face, a manually operable 
control lever, control apparatus responsive 
to the position of the control lever and 
arranged in response to changes of the posi- 
tion of the control lever to change the posi- 
tion of the graticule relatively to the dis- 
play face, whereby by movement of the con- 
trol lever a predetermined relationship ot 
the positions, relatively to the display face, 
of the said mark and of the graticule can 
be maintained, and a rate unit responsive to 
the position of the control lever and 
arranged to generate a control signal as a 
function of the rate of change with time of 
the position of the control lever. 



28 A system according to claim 27, 
wherein the display apparatus, the graticule, 
the control lever, the control apparatus and 
the rate unit are all carried by the moving 

b °29 A system according to claim 27 v 
wherein the display apparatus, the graticule, 
the control lever, the control apparatusand 
the rate unit are at a location remote troni 
the moving body, the homing system in- 
cluding two wireless links between the mov- 
ing body and the said remote location, one 
of the wireless links being arranged to 
transmit the said first signal from the mov- 
ing body to the display apparatus, and the 
other of the wireless links being arranged to 
transmit the control signal from the rate 
unit to the moving body* 

30 A homing system for guiding a mov- 
ing body towards a target, substantially as 
specifically described herein with reference 
to Figures 1 and 2, or to Figures 3 and 4, 
of the accompanying drawings* 

For the Applicants: 
RAWORTH, MOSS & COOK, 
Chartered Patent Agents, 
38, Sydenham Road, 
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